In this paper, we proposed a fuzzy logic based multicast approach to select two comparably stable routes by computing dynamic route lifetime in mobile ad-hoc networks (MANETs). The fuzzy logic weighted multi-criteria of the protocol is used to dynamically evaluate the active route lifetime in order to determine the appropriate routes. Multiple routing paths are established to provide multicast transmission and enhance the robust transmission against unreliability and limited bandwidth of wireless links. Due to frequent node movements, the topologies of mobile ad hoc networks change rapidly. The evaluation of dynamic route lifetime is challenging in the wireless networks. The fuzzy weighted logic multi-criteria are based on the minimum consumption energy of the nodes on the routes, the number of hop-counts and the controlled packages. The proposed approach, called RM-Approach (Reliable Multicast Approach) employ FLS (Fuzzy Logic System) to improvement QoS in MANETs. RM-Approach is evaluated through extensive simulations in the ns-2 environment. The results show that RM-Approach outperforms other existing solutions in terms of delivery ratio, end-to-end delay and lifetime.
Introduction
Dissemination of wireless devices with mobile networks became contemporary in this era. This led to the concern where Mobile Ad hoc Networks (MANETs) are premeditated and probed [1] - [4] . MANET conformities Infrastructure less networks, by exerting every node in the process of a router Utilization of Routing scheme and routing protocols encodes the efficiency of MANET. Arbitrary movement of the nodes and the radio propagation conditions are observed in MANET. In MANET, data are coded from source to copious destinations through multicast routing protocols in a coordinated multicast group community. Robustness is maintained by identifying the path failures and flexibility to the malicious attackers are the matter of contention which needs to be certified. Multicasting decisively reinforces applications in sample that are typified by proximity in concert. Mobility nature of the nodes causes path and link failure appended with the ensuing growth of malicious intruders thereby whole network connectivity gets ruined. Hence multicast routing protocol requires optimization to establish a staunch and flexible network against failures and attackers. In a typical network, the most crucial node and link failure origin remains problematic and erratic. The soundness in a node and link is figured through mobility model. Additionally the transmission competence is impacted by throughput in MANET. Moreover congestion of wireless network induces the capacity to be limited in MANET, consequently affecting the network reliability. This paper employs Fuzzy Logic technique [5] - [7] . to design an AODV based multicast protocol, which is improvement QoS. RM-Approach (Reliable Multicast Approach) is implemented in the NS-2 simulator to evaluate its performance. Rest of this paper is organized as follows. Section 2 presents the preliminaries of the research. In Section 3, we present the related works around the multicast approach and Section 4 brings details of the RM-Approach. Performance evaluation parameters and simulation results are introduced in Section 5.
Finally, we present our conclusions in Section 6.
Preliminaries
In this section, we provide a brief review over some basic issues such as the multicast routing and the fuzzy logic system.
Multicast Routing Protocol
Multicast routing protocols play a considerable role in providing effective multicast infrastructures and in expand new applications. The multicast development started with the creation of Multicast backbone [8] and the corresponding Multicast routing protocol. Initial efforts were done in the classification and deployment of multicast protocols for a single flat topology. These protocols are categorized as intra domain protocols. Later on, the multicast community realized the need for developing so called inter domain routing protocols based on a hierarchical routing structure, as is the Internet. Multicast routing protocol extension has some limitations that illustrate why the protocols have not been widely perform since their initial design. One of the difficulties is that multicast needs to be engaged in a heterogeneous network with the size of the Internet. This is a difficult task, as there are a large the number of devices that need to be additionally configured. Another deployment problem is that network layer multicast, especially on inter domain level has been observed to be a hard task [9] . Many types of multicast routing protocols is developed, Some of which have become more popular and more Widely deployed on the Internet than others. The usage of a special protocol depends on the environment and the demand for different applications that use multicast technology. Although, a good comprehension of the protocols and of how they work is needed in order to evaluate the performance of these protocols in a real environment. In general, characterize protocols generates also understanding of the performance of the multicast technology. Fig. 1 . shows that an example multicast routing protocols in mobile ad-hoc networks. 
Fuzzy Logic System
Fuzzy logic is a multi-valued logic in which the values of variables may be any real number between true (1) and false (0). Using fuzzy logic, an input space can be mapped into an output space. Fuzzy logic is used in situations where the available information is in form of partial truth that makes decision process very complicated. When it is difficult to identify an element whether it belongs to one set or another, fuzzy logic is the best option for making such decisions. Fuzzy logic is based on the fuzzy set theory. In Crisp Set theory, an element is either present or is not present in a set. On the other hand, fuzzy set theory deals with the degree of membership of an element in a particular set. An element may be the member of multiple sets at the same time. An element may partially be the member of set A and partially the member of set B. This implies that fuzzy set theory deals with the absence or presence of an element in a particular set. In addition it deals with the partial presence or partial absence of an element in a set as well. Membership function is used to define how each point in the input space is mapped to a membership value between 0 and 1. The input to the membership function is a crisp value and output is a fuzzy value between 0 and 1 that shows the degree of membership in a set. Fuzzy logic uses different logical operators to carry out its operations, such as AND, OR, and NOT. AND operation is equivalent to min (minimum) operation, OR operation can find the maximum of given inputs, and NOT is the complement operator. Fuzzy sets and fuzzy operations are combined to create if-then rules.
Fuzzy logic is composed of these if-then rules. The if-part of the rule is called the antecedent while then-part is called the consequent [10] . A fuzzy logic system maps crisps inputs to crisp outputs. There are four components in a fuzzy logic system, namely rules, fuzzifier, inference mechanism, and defuzzifier as shown in Fig. 2 . Rules are basically if-then rules which must be evaluated during an input/output process. The output of the system depends on these rules. If-then rules are designed by the experts of a particular field. Fuzzifier is responsible to take crisp numbers as input and give fuzzy sets as output. The activation of rules is dependent on the output of fuzzifier. Inference mechanism maps fuzzy sets into fuzzy sets. Inference mechanism is the decision making part of fuzzy logic system. Defuzzifier maps the fuzzy output of inference mechanism into crisp numbers to make it usable for further processing by the system [10] . 
Related Works
Multicast routing has received considerable attentions in the literature.In paper [11] , fuzzy cost based Multi Constrained Quality of Service Routing was proposed for optimal path selection based on bandwidth, end to end delay and the intermediate hops count. The path with maximum lifetime and minimum fuzzy cost was considered for best transmission. There was no stability of link present in this work. Lifetime of the network depends on link and node stability.
In [12] , fuzzy based intelligent agent routing was established to find packet loss rate, optimal parameters, membership functions and repairing of path broken. The major limitation of this work is, reliability inclusion was avoided. In general, network performance depends on reliability of link as well as nodes. Link connectivity was also not maintained in this routing.
Multicast ad hoc on-demand distance vector routing protocol (MAODV) [13] is the multicast extension of the AODV, which is a hard state, and tree based protocol where group member joins/leaves the network and updates the request table through a Group Hello message. ADB presents an adaptive backbone infrastructure to integrate the effectiveness of the flooding scheme and the efficiency of tree-based scheme. ADB protocol is realized with neighbor discovery process, core selection process and core forwarding process to manage group level and backbone level operations for multicasting.
The Lantern-Tree-Based (LTB) in [14] is a bandwidth constrain QoS multicast routing protocol. A lantern is defined as one or more sub-paths with a total bandwidth between a pair of two neighboring nodes. A lantern path is a path with one or more lanterns between a source and a destination. The multicast tree contains at least one lantern path between any of its source-destination pairs. Lantern tree protocol measures the bandwidth as the available amount of free slots based on CDMA-over-TDMA channel model at MAC layer. One drawback of LTB is the long time needed to find all the paths and to share and schedule the time slots. Another drawback is the use of high number of links, which increase the contention at the MAC layer.
QoS Multicast Routing Protocol (QMR) [15] is a hybrid scheme for supporting QoS routing. It is an on-demand mesh protocol connects group members using QoS paths. QMR define forwarding nodes that provide at least one path from each source to each destination. CDMA-over-TDMA is used to estimate the available bandwidth. A distributed admission control is used to enable intermediate nodes to reject the routes that not satisfy QoS requirement. The forwarding nodes are updated when multiple sources sending to the multicast group simultaneously. This prevents congestion and performs load balancing in the network.
The protocol, termed ODMRP (On-Demand Multicast Routing Protocol), is a mesh-based, rather than a conventional treebased, multicast scheme and uses a forwarding group concept (only a subset of nodes forwards the multicast packets via scoped flooding). It applies on-demand procedures to dynamically build routes and maintain multicast group membership. ODMRP is well suited for ad hoc wireless networks with mobile hosts where bandwidth is limited, topology changes frequently, and power is constrained [16] .
In [17] presents an Entropy-based long-life multicast routing protocol in MAODV (E-MAODV). It uses entropy concepts to develop an analytical modeling, and selects the longlife multicast routing according to entropy metric. This improvement reduces the number of route reconstruction and ensures the route stability in dynamic mobile networks, but it increases complexity of route establishments. Furthermore, this paper takes no extra measure to repair broken tree branches. NMP-MAODV [18] (Node Mobility Prediction-MAODV) ensures non-disconnection communication by active-link switch before mobile node breaks away from upstream node's signal range. The multicast group members set the unified cycle and calculate the predicted departure time. If the result is less than threshold, then turn to the active-link switch process. If the link switch process fails, it will initiate the MAODV repair process. The improved protocol can operate properly in highly mobile network, but it increases additional control overhead due to On-demand QoS multicasting protocol is proposed in [19] - [21] . This protocol simultaneously use multiple paths or trees in parallel to meet the required bandwidth of a single QoS request within a delay bound between the source and the destination. The bandwidth is considered as the number of free slots using CDMA-over-TDMA channel model. They propose three multiple path construction strategies to enable the source node to aggregate the bandwidth over the links. The source computes the optimal routes to the destinations and manages the group membership, which overload the source with extra processing overhead. Using flooding to discover the paths add the processing overhead for non-member nodes and waste the network resources.
The Ad hoc Multicast Routing protocol utilizing Increasing ID-numbers (AMRIS [22] ) assigns an identifier to each node in a multicast session. A per-multicast session delivery tree rooted at a special node (by necessity a sender) in the session joins all the group members. Assigning identifiers in increasing order from the tree root outward to the other group members maintain the tree structure. Election algorithms
(not yet specified) may be required to choose one special node if multiple senders are present in a multicast session. All nodes in the network are required to support AMRIS and any node can be on a tree. All nodes are required to process the tree setup and maintenance messages that are transmitted by the root periodically. No global state is required to be maintained by nodes on the tree, and repairs to damaged links are performed locally. AMRIS currently assumes the existence of bidirectional links between network nodes. It also assumes that applications (multicast sessions) are long-lived, and hence, sacrifices route discovery latency to route recovery latency.
The Proposed Approach (AIS-DSR)
In this section, we design a RM-Approach multicast routing protocol by jointly employing the fuzzy logic system.Helpful Hints
Proposed Fuzzy-Based Multicast Routing Protocol
In order to calculate the lifetime of the route in the proposed method, we use different criteria under fuzzy environment. The desired criteria can be selected based on evaluating the route characteristics including the hop count, the control packets and the lowest energy consumption of the route node. Through the definition of the fuzzy linguistic rules, membership functions equal to each element in the linguistic set of the criteria for the hop count, the control packets, in the proposed method RM-Approach, the minimum energy and lifetime are defined. Using these criteria and the fuzzy logic, we provide a method to design membership functions. We assess ranking of criteria based on linguistic expressions such as very low (VL), Low (L), Medium (M), high (H) and very high (VH). The used rating scale Hop Count is indicated in Fig. 2 , and the membership functions of control packets for five language values are indicated in Fig. 3 , the used rating scale energy is indicated in Fig. 4. 
Evaluation of the Criteria
Hop Count: we consider the hop count as an evaluation criterion of the lifetime of the route in the routing table. The hop count is the number of nodes along a route between the source and destination. Hop count in a route has a negative relationship with lifetime of the route, when the hop count is high, the probability of route failure is high due to the movement of nodes, therefore, the lifetime of the route will be less. So, when a route is in the routing table, the hop count will be checked regarding the criteria. As a result, the rules should be as follows: Membership functions to rank the lifetime of the route and the hop count with the dimensionless index at [0, 1] are presented in Fig. 3 , As we stated, the lifetime of the route has a generally negative relationship with the hop count. 
Packet control:
The packet control is the total number of packets sent and number of packets received. It is also a valid criterion for evaluating the lifetime of the route in the routing table. If the transfer is interrupted or the nodes have high mobility, the link may fail and the number of control packets increase. When the route becomes crowded, the shared bandwidth of the channels reduces, so that the route becomes unstable due to the retransmission of lost packets. Control packets can be of the following types: HELLO, RREQ, RREP, RERR and RREP-ACK packets. If the number of the control packets sent by the interrupted nodes is high, it indicates that the route is probably unstable. Therefore, the high number of these packets means the potential loss of some links or the current packets. The rules of the fuzzy relationship between the number of control packets and the lifetime in the proposed method are as follows: Similarly, the rating of the number of control packets is stated by the dimensionless index of [0, 1] and the lifetime of the route has a negative relationship with the number of control packets. In addition, the energy characteristics can also be considered as an evaluation criterion. Fig. 4 , as we stated, the number of control packets route has a generally negative relationship with the control packets. Minimum energy: if the energy of nodes is less, the route lifetime will be lower and the sooner it disappears. In the proposed method, energy consumption is used as an optional parameter to describe the energy condition of a node i. Energy consumption rate is shown as . The value of is evaluated with a very simple method. As the energy consumption of a node is due to packet transfer activities, is defined by the Equation (1): (1) where , and Wo are power consumed by the network interface when node i, sends, receives and overhears the packets; , and are respectively the values of three types of packages; is the period in which the nodes i consumes its energy. Therefore, is the average power consumption rate of node i. Therefore, the time remaining for energy consumption by node i, TR i is calculated by the Equation (2): (2) where is the remaining battery power node i. is related to life route for all nodes in the route. This means that if the energy of each node is completed in the route, then the failure occurs. So shows the remaining time of node i. Therefore, life route is associated with minimum of , which means that. If E-Min is low, the probability of the link failure will be high. Fig. 5 , as we stated, the energy route has a generally negative relationship with the energy route.
The fuzzy rules relationship between E-Min in the proposed approach will be as follows:
If E-Min is very high, then the route lifetime is very high.
E 2:
If E-Min is high, then the route lifetime is high.
E 3:
If E-Min is average, then the route lifetime is average.
E 4:
If E-Min is low, so route lifetime is low.
E 5:
If E-Min is very low, then the route lifetime is very low Energy minimum (E-Min), unlike the number of steps and the number of control packets, has a direct relationship with route lifetime. According to the first two criteria, the membership function can be considered as an indicator to measure E-Min between [0, 1]. According to this concept, the range of energy reserve, − is defined by the Equation (3) and − is defined by the Equation (4):
Ranking of energy parameters is combined with the previous two rating criteria (the number of steps and the number of control packets) and has created a set of route rankings. The three rankings should be weighted to get the final ranking. In general, to prevent any final amount after the transfer, a practical value which is much lower or higher than the equivalent boundary must be assigned as a rating of very low or high. The above rules can be combined with a rule base such as base provided in Table 1 . This rule base is used for fuzzy system which is described below. 
Using Fuzzy System
Fuzzy system describes the uncertain and unknown phenomenon. The fuzzy system is a knowledge or rule -based system. The main part of the knowledge base contains if -then rules. The front lines include the rules of fuzzy variables that are produced using input and the consequent contains the fuzzy system output. The proposed method evaluated different routes in lifetime rankings to equal destinations under several weighted criteria. The membership functions' values are assigned to route i as . Also we equal The final ranking of fuzzy fitness index is for each candidate route 1 is calculated using the following Equation (5) and Equation (6)::
The Proposed Method Steps
Multicast sending from a source to multiple destinations, each destination has received RREQ from source and sends RREPs to the source. In the proposed method, we only look at multicast source to a destination via multiple routes, which is as follows:
The first phase of route selection: First, the source node sends the RREQs to the multicast group. Recipients sent again unique RREQs in the form of a flood and then destination responded to the origin via RREP packets and the number-step, the remaining power and sent control packages have recorded intermediate nodes. Suppose that the return routes from a destination are R 1, R 2, R 3, R 4 and R 5. As a result, the origin will have three criteria-based assessments as step number, Control package numbers and E-Min number created from different routes. The legal bases are used which are listed in Table 2 .
The second phase of the appointment of membership functions and the number of control packets:
, PC , are the membership functions of the ranking amounts of the number of steps and the number of control packets, , and , are appointing to any route candidate i. The third phase of the appointment of E (i) and RzE (i) membership functions: Membership functions of ranking amounts of E-Min and the ranking amount of RzE-Min, E (i) and RzE (i) are respectively appointed to any route candidate i.
The fourth phase of fitness index: Weight values of , and are determined, then we deal with the calculation of combined fitness indexes, ,. Using the combinational rules database to obtain the final Fuzzy Ranking Index, which is displayed as CF (i), the fuzzy fitness indexes of , are calculated for the lifetime of all routes. The source of the two stable separate rotes are selected from among the candidate routes. The selected optimal routes should have a higher lifetime in the routing table.
Performance Evaluation
In this part, we evaluate the performance of the proposed method (RM-Approach) in the problem of multicast routing.
Performance Metrics
We conduct extensive simulations to evaluate the effectiveness and performance of our RM-Approach and compare it with RSGM approach [23] - [25] . We evaluate the packet delivery ratio, end-to-end delay and lifetime.
Packet delivery rate (PDR)
PDR equals the number of successfully delivered data packets delivered to destination nodes to the total number of transmitted data packets from the source node [26] - [28] . Thus, we can define PDR as shown in Equation (7).
End to end delay
This is the average delay between the sending of packets by the source and its receipt by the receiver. This includes all possible delays caused during data acquisition, route discovery, queuing, processing at intermediate nodes, retransmission delays at the MAC, propagation time, etc. It is measured in milliseconds. The lower value of end-to-end delay means the better performance of the protocol. The end-to-end delay is calculated in Equation (8) follows: [28] - [30] .
Network lifetime
Node remaining energy is one of major issues in mobile ad-hoc networks presented here. As stated, consumed energy level directly influences network lifetime; therefore, network lifetime increases using high-energy routes.
Simulation Results and Analysis
We have implemented RM-Approach in the NS-2 on Fedora 10. The simulation parameters are given in Table 1 . Fig. 6 shows the result of mobility vs packet delivery ratio. from the results, our proposed scheme achieves high packet delivery ratio than the existing schemes because of stability. deployed in the reliable multicast routing. Packet arrived at the destination node is more. Reliable multicast backbone ensures that packets are travelled through reliable links. Link between the nodes are well connected together to avoid congestion. In previous schemes, there was no stable routing deployed and the consumption of query packets is more. It will lead to high packet flooding. In the proposed protocol, first fuzzy adaptive routing ensures reliability of node and link. After that packets will be initiated for transmission. Fig. 6 . PDR vs. mobility speed.
In Fig. 7 , speed is varied as 10, 20….50. When we increase the speed, the mobility is also getting increasing. Mobility of nodes will lead to network partition. In our proposed model, mobility is kept less dynamic. Nodes transmit the packet towards the destination with less delay. Packets propagating delay and transmission delay are kept low. The proposed protocol has low end-to-end delay per packet than the existing routing schemes. Node remaining energy is one of major issues in mobile ad-hoc networks presented here. As stated, consumed energy level directly influences network lifetime; therefore, network lifetime increases using high-energy routes. Fig. 8 shows that suggested protocol (RM-Approach) outperforms other protocol in network lifetime indicating supremacy of this protocol in energy usage and increased network lifetime. 
Conclusion
In this paper, we proposed a reliable based multicast routing (RM-Approach) to select two comparably stable routes by computing dynamic route lifetime for multicast routing on multicasting for mobile ad-hoc networks (MANETs). The model compares and ranks different route lifetimes by the weighted multi-criteria, which are based on number of hop count, number of control packets and minimum consumption energy. The simulation results of the packet delivery ratio, lifetime and average end-to-end delay are evaluated with respect to mobility speed that illustrates the effectiveness of the proposed protocol compared to existing protocols such as RSGM. In our future work, we plan to devise a mechanism to secure MANETs against the malicious attack and test it intensively under different network conditions.
